Introduction
Sickle cell disease (SCD) is the most common genetic blood disorder in the United States and 1 of the most common worldwide. [1] According to the World Health Organization, there are over 332,000 conceptions affected by hemoglobin disorders annually. Sickle cell disorders account for about 275,000 of those conceptions. [1] Worldwide, people of sub-Saharan African descent show the highest prevalence of sickled hemoglobin; however, people whose lineage derives from the Western Hemisphere (South America, the Caribbean, and Central America), Saudi Arabia, India, and Mediterranean countries like Turkey, Greece, and Italy are also at risk. [2] In the United States, it is estimated that SCD is prevalent in over 89,000 Americans, including 1 of every 500 African Americans and 1 of every 36,000 Hispanic Americans. [3] In addition, approximately 2 million Americans are carriers.
Sickle cell disease occurs when the sickle cell gene has been inherited by both parents and passed to their offspring, resulting in alteration in the shape of red blood cells (RBCs) resulting in faulty oxygen transport and causing medical complications and tissue damage. [4] Although healthy RBCs are round, smooth, flexible, and can live up to 120 days, sickle cell RBCs, as a result of the hemoglobin mutation, are stiff and acquire a "C" shape in the deoxygenated state. These cells only live for 10-20 days and have difficulty moving effectively through blood vessels due to their abnormal shape. [5] The sickled shape leads to restricted movement of RBCs in blood vessels, which contributes to various medical complications of SCD including severe pain and tissue and end organ damage.
The severity/type of SCD is dependent on how many HbS genes are inherited (from 1 versus both parents) and if other hemoglobinopathies (ie, genetic defects in hemoglobin chains) are present. The 4 most common types of SCD are sickle cell anemia (HbSS), hemoglobin SC disease (HbSC), and 2 forms of hemoglobin S beta thalassemia (HbSβ + and HbSβ 0 ). [6] HbSS occurs when individuals inherit 1 sickle cell gene (S) from each parent. This form is commonly referred to as sickle cell anemia and is the most common type of SCD. HbSC is typically a milder form of SCD. [5] It occurs when a sickle cell gene (S) is inherited from 1 parent and an abnormal hemoglobin (C) gene is inherited from the other parent. insufficient hemoglobin production and results in hemoglobin deficiency in RBCs. [7] Overall, HbSS and HbSβ 0 -thalassemia forms are more severe. [6, 8] Additionally, there are more rare forms of sickle cell disease including HbSD, HbSE, and HbSO, where "D, " "E, " and "O" are other abnormal hemoglobin types. Finally, sickle cell trait (SCT), denoted HbAS, occurs when 1 sickle cell gene is inherited from 1 parent and 1 normal hemoglobin gene (A) is inherited from the other parent. [5, 6] It is not considered a form of sickle cell disease [9] as people with SCT do not typically experience signs and symptoms of sickle cell disease. However, they are considered "carriers" of the sickle cell gene [5] and thus their offspring is at higher risk if the other parent is also a carrier or has SCD. The hemoglobin S gene is inherited in an autosomal recessive manner, which means that there is a 1 in 4 chance for offspring to develop SCD if both parents have the SCT. [6] Diagnosis, treatment, and course
In developed countries, people with SCD are living longer due to early diagnosis and improved management. [6, 10] However, the life expectancy of individuals with SCD in the United States is still much lower compared with the average American life span (39 years compared with the average American lifespan of 79 years). [11] [12] [13] In the United States overall, longevity of people with sickle cell disease has shifted toward a longer average life span in the period from 1974 through 2006 and deaths of children aged 1-4 has dropped from 13% to 2%. [12] These gains are notable; however, only 10% of all SCD cases in the world are located in developed regions [10] ; thus worldwide, progress can at times seem negligible. Estimates in Africa reveal 50-80% of infants with SCD die before the age of 5 years, [14] highlighting the need for a worldwide effort to provide resources that support early diagnosis (and subsequent improved prognosis) for infants in developing regions. [5] 
Associated medical conditions
People with SCD typically experience many medical issues throughout their life span. Pain is the most common symptom of SCD and is a result of vaso-occlusion by sickled cells. Vaso-occlusion occurs when sickled red blood cells stick to blood vessel walls and obstruct proper movement of oxygen to tissues in the body. Due to hypoxia (low oxygen levels in blood), body tissues become damaged resulting most commonly in pain, stroke, delayed growth, later onset of sexual maturation, pulmonary issues, and necrosis in the hip and shoulder area. [9, 15] Acute pain episodes are commonly referred to as vaso-occlusive crises. Other common complications include acute chest syndrome, acute stroke, priapism, hepatobiliary complications such as gallstones, splenic sequestration and acute renal failure, avascular necrosis, pulmonary hypertension, renal complications such as chronic kidney disease, ophthalmologic complications such as proliferative sickle retinopathy and vitreous hemorrhage, leg ulcers, and stuttering or recurrent priapism. [11] Medical comorbidities may vary in terms of presentation and severity depending on the type of SCD. People with HbSS have the most severe symptoms associated with SCD, followed by HbSβ 0 . [16] HbSS and HbSβ 0 -thalassemia forms are at higher risk for acute chest syndrome and pain crises compared with HbSC and HbSβ + -thalassemia forms. [17, 18] Although people with the HbSC type typically have milder symptoms compared with individuals with HbSS, they have a greater risk of experiencing "thromboembolic complications, retinopathy, and renal papillary necrosis. " [19] In terms of survival, individuals with HbSS have a much lower median lifespan when compared with people with HbSC; a difference of almost 20 years. [20] Individuals with HbSS type also have the highest rate of cerebrovascular complications resulting from restricted cerebral blood flow due to hemoglobin "sickling. " [21] Clinical manifestations of SCD vary both across individuals and also within individuals over time, and although rare, some may be asymptomatic at times, although this is rare. [9] Psychosocial conditions and their management SCD frequently (and intermittently) results in impairments in performing normal daily activities and also participating fully in activities with the patient's family, friends, and others around them. Common psychosocial considerations in SCD include coping with medical complications and prognosis of SCD, diminished quality of life, depression, mood changes, anxiety, social withdrawal, loneliness, insomnia, daily activity and role limitations, psychosocial sequela related to neurocognitive impairment, insomnia, and analgesic dependence. [11, 22, 23] Health-related quality of life is lower in SCD compared with the general population. [24] Attending social functions, work, and school on a regular basis can be difficult for this population due to medical complications including but not limited to acute pain crises. Prolonged functional and medical difficulty over time contributes to depression and anxiety in children and adults with SCD. Perhaps most salient are issues with pain and its impact on psychosocial functioning and overall quality of life throughout the life span.
Pain and sickle cell disease
Pain is the primary defining complication associated with SCD. Pain leads to frequent emergency department visits and hospitalizations and is considered a primary contributor to decreased quality of life among SCD patients. [25, 26] Pain assessment typically targets 2 broad categories (1) Acute Pain: Pain that is of relatively brief duration; (2) Chronic Pain: Pain that persists for more than 3 months. Chronic pain can be further categorized according to the origin of pain. For example, neuropathic pain, described as pain caused by a lesion or disease of the somatosensory nervous system [27] and nociceptive pain, which is typically derived from nonneural tissue damage. It was once thought that sickle cell pain was strictly nociceptive; however, recent data have shown neuropathic pain is present in people with SCD. [28, 29] Among the most frequent causes of pain in SCD is vaso-occlusion, [9] an unpredictable event that occurs when sickled RBCs block blood vessels resulting in ischemic tissue damage, inflammation, and pain. [30, 31] Specifically, tissue injury resulting from vaso-occlusion produces chemicals that are released around a nerve area called the primary afferent nociceptor, resulting in a feeling of subjective pain in that area. [28] Pain attributed to SCD can be experienced anywhere in the body; the limbs and back are most frequently affected. [30] Acute pain events are typically described as "pain episodes" or "crises, " which are highly variable in terms of frequency and duration and are the main cause of hospital admissions in this population. Studies have found a range of frequencies of pain episodes in SCD ranging from 1 in 14 days to as much as 50% of days. [32, 33] Pain episodes may also be precipitated by factors other than vaso-occlusive events; these may include specific factors related to the type of SCD, physical or emotional stress, dehydration, extreme temperatures, and nutritional status. [9, 31, 34] Type of SCD is a predictor of both pain severity and episodes of pain. [17] People with HbSS type or HbSβ 0 -thalassemia, for example, generally have more pain episodes compared with people with HbSC type or HbSβ + -thalassemia. [16, 17] Managing pain in people with SCD is challenging as crises are difficult to anticipate and there is a mixed presentation of both acute and chronic course, [11] but beyond acute pain crises, the ongoing presence of chronic pain in this population is associated with psychosocial and quality of life impairment.
Chronic pain in SCD
Chronic pain has until recently received little attention in individuals with SCD as traditionally there has been a greater focus on the deleterious effects of acute pain crises. However, with an observed rise in chronic pain reports over the last 20 years, there is a need for more research in the area. [35, 36] According to a review of literature by Taylor et al., [36] people with SCD had chronic pain 13-50% of the days they participated in studies and most commonly felt their chronic pain in the hip and back. Contrary to acute crises, chronic pain does not typically warrant hospitalization unless a patient is experiencing an acute crisis while still experiencing persistent pain. [37] The impact of chronic pain often extends beyond physical effects of acute pain to include the taxing emotional and psychological effect of experiencing high intensity pain over many months. Psychosocial and psychological complications (eg, depression, anxiety, and decreased quality of life) are often the result of withstanding mental exhaustion due to coping with pain and thus further psychological treatment may be indicated. [15] 
Pain and activities of daily living
Pain influences mobility and the ability to participate in normal daily activities that other people take for granted such as walking from their car, bathing, housework, and so forth. These behaviors are collectively termed activities of daily living (ADLs). There are different types of ADLs, including physical (eg, dressing, bathing, eating), cognitive (eg, remembering to take medications, playing games), complex ADLs (shopping, cooking), and combination ADLs, which involve an integration of all types of ADLs. In addition to documented impairment in ADLs associated with chronic pain, research has also shown that pain is related to impaired ADLs in many other chronic diseases such as cancer [38] chronic low back pain [39] and fibromyalgia [40] and chronic pain disorders in general. [41] There is limited research demonstrating decreased ADLs specifically in SCD; however, there are some studies in SCD populations that have shown that pain is associated with reduced physical activity and ADLs. [42, 43] Gil et al. [44] , assessed pain coping strategies in 79 SCD patients and found reduced ADLs (ie, household activity, work activity, and social activity during pain episodes). In a cross-sectional study, Anie et al. assessed items relating to pain and ADLs taken from a broader health-related quality of life measure (SF-36) in a sample of 96 adult patients with SCD. They found that patients with SCD had significantly more role limitations due to physical problems and overall lower health-related quality of life compared with a comparable sample drawn from the general population of adults. In addition, pain was significantly associated with the role limitations particularly in the "physical function" domain.
Nutritional status and weight in SCD

Underweight and SCD
Weight status categorized by body mass index (BMI), allows for classification of relative health risks (eg, cardiovascular disease, hypertension, cancer, diabetes mellitus, gallbladder disease, endocrine disturbances, osteoarthritis, and pulmonary diseases) associated with weight in the general population. [45] Historically, patients with SCD (especially those with HbSS) are known to be or be at risk for underweight. [46] Thus, the most common nutritional recommendation made in SCD patient populations was designed to offset fears of under nutrition and unintentional weight loss; namely to consume excess calories and increase macronutrient intake. [47] Although a review of the literature suggests a relative lack of empirical evidence upon which to base these recommendations, nutrition has nonetheless been identified as a crucial feature of SCD since the 1980s. [48, 49] The most popular hypothesis to explain underweight in SCD is that SCD causes the body to be in a hypermetabolic state, which increases energy demand and can lead to an undernourished state if not offset by increased nutrient consumption. Studies have recorded high resting energy expenditure in people with SCD, and high myocardial energy requirements and an increase in proinflammatory cytokine production. [50, 51] One possible explanation for the hypermetabolic state lies in the shortened RBC life span in SCD. RBCs destruct more often in SCD, which leads to an increase in erythropoiesis to maintain homeostasis. Erythropoiesis, or the production of RBCs, consumes protein in the process and depletes energy to do so, thus creating a hypermetabolic state. Another equally plausible explanation for hypermetabolism causing underweight is that the body is compensating for tissue hypoxia. Low oxygen levels produce tachycardia with reduced appetite and greater muscle and organ stress as the hematological system attempts to compensate by transporting more oxygen to tissues and cells collectively contributing to poor nutrition and underweight over time. Changes in nutrient intake [48, [52] [53] [54] due to pain and other comorbid conditions has also been considered as contributory but support for these hypotheses is limited.
Obesity and SCD
Relatively recent advances in medicine (eg, treatments such as hydroxyurea and frequent blood transfusions), especially in developed countries such as the United States have resulted in increased life expectancy [11] and increasing BMI in SCD populations. [54] This may be particularly relevant to the issue of pain in SCD as in non-SCD populations an association between pain and obesity has been documented. [55] [56] [57] [58] [59] [60] The combination of increasing obesity and associated pain, and obesity-related psychosocial distress coupled with the already significant SCD-related pain and psychosocial issues could prove to be of particular importance in managing patients with SCD. Thus, our goals in this study are 2-fold: In study 1 (Descriptive Comparisons), we described important characteristics of our SCD clinic population including age, BMI, depression, anxiety, overall psychological distress, social support (ie, psychosocial considerations), pain, and ADLs. We conducted comparisons on variables of interest according to gender and considered the relationship of weight status to all variables of interest by conducting comparisons across BMI categories (underweight, normal weight, overweight, and obese). In addition, we examined differences among types of SCD and variables of interest through comparisons across 5 SCD type categories. Next, in study 2 (predicting ADLs), based on our previous work in non-SCD obese populations showing that BMI and pain are related to reduced ADLs, [60] we predicted that a similar relationship (pain and BMI predicting greater impairment in ADLs) would be apparent in this SCD clinic population (whole sample). Thus, we examined whether BMI, pain, and psychosocial correlates predicted impairments in total and physical ADLs. In addition, following our initial analysis, additional a priori hypotheses were developed to examine the relationship of SCD severity on ADLs with a separate analysis that include a dichotomized categorical variable, SCD severity (severe versus mild), as a predictor of ADLs. Finally, given the potential unique qualities of the overweight and obese subsample, the above analyses were repeated using only the overweight/obese subsample.
Methods
Design and participants
A cross-sectional, archival data analysis of baseline data from the first 2-hundred-fifty 2 consecutive adult African American patients 
Methodological overview
The current data analysis was divided into 2 studies:
Study 1: Descriptive comparisons
We first considered the whole sample according to descriptive variables of interest (detailed below). We then did comparisons according to gender, BMI category, and SCD type.
Study 2: Predicting ADLs
Predictive modeling was undertaken to determine the relationship of age; BMI; Symptom Checklist-90-Revised (SCL-90-R) depression, anxiety and Global Severity Index (GSI); Alford Edwards Social Support Inventory (AESSI); and pain as measured by Short-form McGill Pain Questionnaire (SF-MPQ) variables [ie, sensory pain, SP; affective pain, AP; and present pain intensity, Present Pain Index (PPI)] to each of physical and total ADLs for the whole sample and with an OW/OB only subsample.
Measures
Medical record review
Age and gender. Adult (18 years plus) male and female participants included. 
LEMPFSCD
Select variables from the LEMPFSCD, a 700-item self-report inventory that assesses demographics, pain, and psychiatric, behavioral, and social functioning using 8 validated, content-driven instruments, plus original items created specifically for the survey were utilized:
Symptom Checklist-90-Revised (SCL-90-R). The SCL-90-R [61] is a 90-item checklist that assesses the existence and degree of multiple psychological symptoms on a 5-item rating scale from 0 "not at all" to 4 "extremely. " Subscales of the SCL-90-R are categorized into 9 primary symptom dimensions and 3 general indices. The following were used: depression, anxiety, and GSI, which measures overall psychological distress. Subscale internal consistency ranges from 0.77 to 0.90. Cronbach's alpha for GSI have been reported as ranging from 0.96 to 0.97. Standard scoring procedures convert SCL-90-R raw scores to T-scores with a T-score above 50 indicating a "clinical" range for the domain being measured.
Alford Edwards Social Support Inventory. The AESSI [62, 63] is a validated self-report measure used to assess present satisfaction with 4 theory-driven components of social support (Emotional, Instrumental, Informational, Comparison) from 5 primary sources (Spouse/Significant Other, Friends, Family, Co-workers, and Other Social Contacts). Subjects completing the inventory circled a number from 0 (none of the time) to 4 (all of the time) for each of the 24 questions. Lower scores represent lower levels of support. Internal consistency is reasonable (Cronbach's alpha, 0.93). The Total Support Index is a sum of item scores and is used to determine overall social support in this study.
Short-form McGill Pain Questionnaire (SF-MPQ).
The SF-MPQ [64] is a well-validated and widely used abbreviated version of the validated MPQ and takes 2 to 5 minutes to complete. It consists of 15 descriptors (11 sensory, 4 affective) that are rated according to intensity on a 4 point scale: (0 = none, 1 = mild, 2 = moderate, 3 = severe). The sum of these ratings is used to form 3 validated pain rating scales; sensory pain (SP; throbbing, shooting, stabbing, cramping, aching, and tender; maximum score is 33), affective pain (AP; emotional aspects of pain experience; tiring-exhausting, sickening, fearful, and cruel-punishing. Maximum score is 12), and total pain. In addition, a visual analog scale (VAS; 100 mm line, no pain to worst possible pain) and the PPI (1 mild, 2 discomforting, 3 distressing, 4 horrible, and 5 excruciating) from the standard McGill Pain Questionnaire are included.
ADLs. Our measure of ADLs is a composite measure that was created for the purposes of this study to assess impairments in 35 common daily activities. It asks patients to indicate if they have difficulty performing activities in the context of their pain by endorsing "Yes" or "No" for each of 35 activities. Items are then categorized based on each subcategory of ADLs (ie, physical, cognitive, complex, combination) and totaled forming 4 subscales plus a fifth cumulative total ADLs category. Higher numbers of ADLs indicate a greater number of impaired ADLs endorsed. Each ADL category is described as follows:
Physical ADLs. Basic activities like eating, dressing, bathing, brushing ones teeth, and mobility.
Cognitive ADLs. Tasks that require thinking and/or problem solving aspects of daily function (eg, remembering to take medicines, remembering appointments, being capable of playing cards or games). 
Statistical analysis
Values are given as mean ± SD unless otherwise indicated. For all comparisons of means an a priori alpha level of 0.05 was selected. Where appropriate, Bonferroni correction was used to control for multiple comparisons. For stepwise regression modeling, inclusion/exclusion criteria were 0.05 and 1.00, respectively, for all analyses. The following statistical analyses were performed using Statistical Package for Social Sciences (SPSS) Version 22.0 for Windows (IBM Corp, Armonk, N.Y.).
Study 1: Descriptive comparisons
Analysis 1. Descriptive statistics using the whole sample (N = 252) were calculated (mean + SD) for the following demographic, medical, and psychosocial variables: gender; age; BMI; SCL-90-R depression, anxiety and GSI; AESSI; SF-MPQ SP, AP, and PPI; and ADLs including physical ADLs, cognitive ADLs, complex ADLs, combination ADLs, and total ADLs. Analysis 2. To determine the relationship of gender to the variables of interest, 1-way analysis of variance (ANOVA) (dependent variable, DV = gender) was used to compare the means for age; BMI; SCL-90-R depression, anxiety and GSI; AESSI; SF-MPQ SP, AP, and PPI; and ADLs including physical ADLs, cognitive ADLs, complex ADLs, combination ADLs, and total ADLs in the whole sample.
Analysis 3. One-way ANOVA was also used to examine the dependent variable BMI category comparing underweight (UW), normal weight (NW), overweight (OW), and obese (OB), for the following independent variables using the whole sample: age; BMI; SCL-90-R depression, anxiety and GSI; social support; SF-MPQ SP, AP, and PPI; and ADLs (ie, physical ADLs, cognitive ADLs, complex ADLs, combination ADLs, and total ADLs).
Analysis 4.To examine the association of sickle cell type to the independent variables of interest, 1-way ANOVA (DV = SCD type) was used to compare the means for age; BMI; SCL-90-R depression, anxiety, and GSI; AESSI; SF-MPQ SP, AP, and PPI; and ADLs including physical ADLs, cognitive ADLs, complex ADLs, combination ADLs, and total ADLs in the whole sample.
Study 2: Predicting ADLs
Predictive modeling was used to examine the relationships of independent variables of interest to each of physical and total ADLs in both the whole sample and the OW/OB subsample.
Whole sample. Analysis 1. Multiple regression analysis using stepwise linear modeling procedures was performed and included the following predictor variables: age; BMI; SCL-90-R depression, anxiety and GSI; SF-MPQ SP, AP, and PPI, which were used to predict each of the dependent variables physical and total ADLs in separate analyses. Analysis 2. Multiple regression analysis was completed using stepwise linear modeling procedures to determine if the independent variables age; BMI; SCL-90-R depression, anxiety, and GSI; SF-MPQ SP, AP, PPI and SCD severity predicted each of physical and total ADLs in separate analyses.
Overweight/obese subsample. Analysis 3. Multiple regression analysis using stepwise linear modeling procedures was conducted to determine if age; BMI; SCL-90-R depression, anxiety, and GSI; SF-MPQ SP, AP, and PPI predicted the each of the dependent variables physical and total ADLs in separate analyses.
Analysis 4.
Multiple regression analysis using stepwise linear modeling procedures was conducted to determine if age; BMI; SCL-90-R depression, anxiety, and GSI; SF-MPQ SP, AP, PPI; and SCD severity predicted each of physical and total ADLs.
Results
Study 1: Descriptive comparisons
This cross-sectional sample included a total of 252 adult participants aged 18-85 years. Gender was relatively balanced with 46% being male and 54% being female. The mean age was 32.93 ± 12.39 years, and the mean BMI was 25.76 ± 6.64 kg/m 2 (overweight range). Means for SCL-90-R variables including depression (55.71 ± 12.54) anxiety (52.69 ± 13.43) and GSI (56.63 ± 13.11) were all in the clinical range indicating that on average the participants in our study were experiencing clinically significant levels of depression, anxiety, and overall psychological distress. The mean for total AESSI (54.65 ± 19.63) was in the average range that lies between the subjective "anchors" of receiving social support "some of the time" and "most of the time. " Mean scores on the PPI subscale fell between the subjective "anchors" distressing and horrible (3.56 ± 1.37) indicating a moderate-to-severe degree of pain. In addition, the average sensory pain score was indicative of moderate intensity (16.61 ± 7.35) and affective pain scores were mild to moderate in intensity (5.94 ± 3.35). On average, patients reported the following number of impairments in ADLs associated with pain episodes: 7.42 ± 5.51 physical ADLs, 3.34 ± 2.52 cognitive ADLs, 2.24 ± 1.66 complex ADLs, 5.56 ± 3.59 combination ADLs, and 12.89 ± 8.28 total ADLs.
Using the whole sample, 1-way ANOVA by gender was conducted on the following variables of interest: age, BMI, psychosocial variables, pain, and ADLs. There was a significant difference in BMI, F(1,236) = 7.871, P = 0.005, with females (n = 129) having a higher BMI (26.9 ± 7.2 kg/m 2 overweight range) compared with males (n = 109) whose BMI was in the normal weight range (24.5 ± 5.7 kg/ m 2 ). A significant gender difference was noted in complex ADLs, F(1,151) = 7.121, P = 0.008, with females (n = 77) reporting greater impairment in complex ADLs as compared with their male counterparts (n = 76, 1.9 ± 1.6). All other variables of interest were not statistically different by gender (P > 0.05).
One way ANOVA (DV = BMI category) to examine the variables of interest according to weight status in the whole sample (Table 1) was performed. Of those with available BMI data (n = 238), 50% were in the NW range, 6% were in the UW range, leaving a combined 44% of the sample in the OW (24%) and OB (20%) categories F(3,234) = 339.04, P < 0.001. In addition, there was a significant difference in complex ADLs across BMI categories, F(3,144) = 3.224, P = 0.024. Post hoc analyses using the Bonferroni correction indicated that the average number of impairments in complex ADLs were significantly lower in the NW compared with OW (P = 0.021) category. Age was not statistically different according to BMI category, F(3,235) = 2.584, P = 0.054. However, the order of the means which showed a progressive trend (increase) in age as BMI category moves from UW to OB. BMI category comparisons for all other variables of interest were not statistically different (P > 0.05; Table 1 ).
The whole sample was also used for 1-way ANOVAs for the dependent variable SCD type ( Table 2) . Prevalence of SCD types in our sample was 60% HbSS, 26% HbSC, 10% HbSβ + , 2% HbSβ 0 , and 2% other variant SCD types. As predicted, BMI was significantly different according to SCD type, F(4,233) = 10.50, P < 0.001. Comparisons using the Bonferroni correction indicated that types HbSβ + thalassemia and HbSC had significantly higher BMIs compared with those with HbSS type, P < 0.001 but were not significantly different than each other. No other significant relationships of SCD type and BMI were noted. Furthermore, while an omnibus ANOVA test showed that cognitive ADLs and combination ADLs were statistically different among sickle cell types, F(4,149) = 2.462, P = 0.048 and F(4,149) = 2.452, P = 0.048, respectively, Bonferroni corrected comparisons showed no significant differences by SCD type (adjusted P > 0.05). All other variables of interest compared according to sickle cell type were not statistically different (P > 0.05; Table 2 ).
Study 2: Predicting ADLs
Multiple regression analyses were used throughout study 2, first on the whole sample (N = 252) and subsequently on an OW/OB subsample (n = 104). First, we considered the following predictors as they related to total and physical ADLs in each sample: age; BMI; SCL-90-R depression, anxiety and GSI; SF-MPQ SP, AP, and PPI. Second, we added SCD severity (severe versus mild) to the predictive model in addition to those variables already included.
In the whole sample AP and age predicted total ADLs with greater AP predicting increased impairment in total ADLs, and greater age predicting lower impairment in total ADLs. Combined, AP and age explained 23.0% of the total variance, R 2 = 0.230, F(2, 90) = 13.418, P < 0.001, with age only contributing an additional 3.6% to the model (Table 3) . AP also predicted physical ADLs with greater AP predicting increased impairment in physical ADLs and accounting for 16.1% of the total variance, R 2 = 0.161, F(1, 90) = 17.298, P < 0.001 (Table 3) . Further analysis included SCD severity in addition to the predictor variables age, BMI, depression, anxiety, GSI, SP, AP, and PPI, predict total ADLs. For total ADLs, SCD severity did not enhance the predictive model with AP and age predicting total ADLs (greater AP predicting increased impairment in total ADLs and greater age predicting lower impairment in total ADLs). Combined, they explained 27.2% of the total variance, R 2 = 0.272, F(2, 88) = 16.404, P < 0.001, with age contributing an (Table 3) . Similarly, for physical ADLs, the addition of SCD severity did not enhance the predictive models, and AP and age continued to predict physical ADLs (greater AP predicting increased impairment in physical ADLs and greater age predicting lower impairment in physical ADLs). Combined, AP and age explained 22.0% of the total variance, R 2 = 0.220, F (2, 87) = 12.294, P < 0.001, with age contributing an additional 4.3% to the model (Table 3 ).
In the OW/OB subsample, the following predictors were first included in the model to predict total ADLs in this subsample: age, BMI, SCL-90-R depression, anxiety, GSI, SP, AP, and PPI. AP significantly predicted total ADLs with greater AP predicting increased impairment in total ADLs and AP accounting for 28.4% of the total variance, R 2 = 0.284, F (1, 40) = 15.870, P < 0.001 (Table 4) . For physical ADLs, AP predicted physical ADLs with greater AP predicting increased impairment in physical ADLs and accounting for 23.7% of the total variance, R 2 = 0.237, F (1, 39) = 12.139, P = 0.001 (Table 4) . Further analysis that included SCD severity in the model in addition to the predictor variables age, BMI, SCL-90-R depression, anxiety, GSI, SP, AP, and PPI showed that AP, age, and SCD severity predicted total ADLs with greater AP predicting increased impairment in total ADLs, greater age predicting lower impair- ment in total ADLs, and greater SCD severity predicting increased impairment in total ADLs. Combined, AP, age, and SCD severity explained 50.6% of the total variance, R 2 = 0.506, F (3, 36) = 12.283, P < 0.001 (Table 4) . Moreover, this model revealed that the mean impairment in total ADLs in the severe types of SCD was significantly greater than the mean impairment in total ADLs in the mild types of SCD when controlled for age and AP in the OW and OB subsample (B = 4.73, SE = 2.09, t = 2.265, P = 0.030). Finally, when adding SCD severity to the model to predict physical ADLs, AP, age, and SCD severity predicted physical ADLs with greater AP predicting increased impairment in physical ADLs, greater age predicting lower impairment in physical ADLs, and greater SCD severity predicting increased impairment in physical ADLs. Combined, AP, age, and SCD severity explained 45.5% of the total variance, R 2 = 0.455, F (3, 35) = 9.734, P < 0.001 (Table 4) . Mean impairment of physical ADLs in the severe types of SCD was also significantly greater than the mean impairment in physical ADLs in the mild types of SCD when controlled for age and AP in the OW and OB subsample (B = 4.07, SE = 1.48, t = 2.75, P = 0.009).
As shown in Tables 3, 4 , adjusted R 2 values (which indicate the strengths of the models) including SCD severity were greater than those models that did not include SCD severity. Furthermore, adjusted R 2 values of the models constructed including the data of only the OW and OB individuals were greater than their parallel models that were constructed including the whole sample. As a result, the highest adjusted R 2 values were observed in the models constructed within the OW and OB subpopulation, including the age, AP, and SCD severity as predictors of the physical and total ADLs (adjusted R 2 = 0.408 and 0.465, respectively).
Discussion
This study provides an overview of key characteristics (demographics, psychosocial correlates, BMI, pain, impairments in activities of daily living, prevalence of SCD types, and relationships among these) of an adult African American clinic population of people with SCD. It also determines if several of these factors may influence impairment in ADLs in this clinical sample of SCD patients. Given the general lack of research involving this population, our study provides both confirmation of findings of other studies and novel insights into some emerging considerations in the SCD population. In our sample, on average, patients were young adults (33 years), which is comparable with other studies of adult SCD populations. [44, 65] When comparing our sample according to BMI category, we found that age increased sequentially from UW through OB. Although this finding failed to achieve significance (P = 0.054), the observed consistent linear trend in the means is nonetheless interesting. This trend toward increasing age at higher BMIs is suggestive of a similar relationship to that which is commonly observed in the general population. [66] Further research with larger sample size may further elucidate this potential relationship. Contrary to the findings of Platt et al., [20] age was not associated with SCD type in our sample.
Of particular interest in our sample is the finding that our clinic patients were on average in the OW range. Historically, people with SCD have struggled with maintaining weight and have been typically underweight due to elevated metabolism needed to compensate for increased disposal of sickled RBCs and recycling new RBCs into the bloodstream. The finding of OW in this study extends prior preliminary findings drawn from a substantially smaller subset of the same clinic sample [54] and 1 other small very recent study of 100 SCD clinic patients who also found mean BMI in the OW (26.3 kg/ m 2 ) range. [67] Taken together, these findings are suggestive of excess weight being an important consideration in SCD patients. However, it is also important to note that in the context of a SCD population, little to no evidence is available to fully understand if BMI in the OW and/or OB range confers the same level of health risk as seen in the general obese population. First, in African Americans in the general population, considerable evidence suggests that health risk and mortality is lower at higher BMI as compared with White populations. [68, 69] In a study of more than 1 million U.S. adults, Calle et al. [69] found that African American men and women had lower risks of death compared with white males and females when adjusting for age, education level, physical activity, and select food consumption. Another consideration may relate to the fact that SCD populations are often times very medically compromised and experience frequent and intensive medical intervention. One study of 16,812 adult patients in an intensive care setting examined the relationship between BMI and mortality 30 days and 1 year after admission into the ICU. The authors reported that the patients in OW and OB ranges had lower mortality risks at 30 days as compared with those in the UW range (who had between 40 and 50% higher risk for mortality at both time points). [70] This, juxtaposed against the fact that obesity still may have a negative impact at higher BMI (severe) even in African American patients, highlights the need for more research to fully delineate these relationships and understand what degree of obesity should be considered appropriate to be treated in the SCD population.
When compared by gender, females had significantly higher BMIs relative to males. This is consistent with the BMI distribution of the general African American population. [71] When comparing men and women on ADLs, we found that women had significantly greater impairments in performing complex ADLs as compared with men. One likely explanation might be found in the known relationship of BMI to ADLs. BMI has been shown to predict ADLs [72, 73] ; therefore, the reason for greater impairment in complex ADLs may simply be due to higher BMI among our female participants.
We also found that complex ADLs differed significantly across BMI categories such that NW individuals were less likely to experience difficulties with complex ADLs compared with OW individuals. This is not surprising, given that BMI has been shown to predict overall ADLs. However, it is somewhat surprising that when considering all other ADL variables (physical ADLs, cognitive ADLs, combination ADLs, total ADLs), no significant differences were seen according to BMI category. Furthermore, it is surprising that the relationship in NW versus OW individuals on complex ADLs did not extend to the OB group. Further examination of the relationship among BMI categories and all types of ADLs, using larger sample sizes, may further elucidate these relationships.
In terms of psychosocial variables, our sample was on average reporting scores in the clinical range for depression, anxiety, and general psychological distress. This was expected as chronic diseases including SCD are known to be associated with elevated levels of depression, anxiety, and general psychological distress. [40, 74, 75] There were no significant differences noted according to gender, BMI category, and SCD type. However, it is notable that means were consistently in the clinical range or approaching the clinical range across all subgroups. In terms of social support, our sample reported scores in the average range across all comparisons. Given the important role that social support plays in the patient's ability to manage complex medical and psychosocial issues associated with SCD, [76] this finding is encouraging. In addition, this is important because, in several studies of SCD patients, social support has be shown to be related to better health outcomes [77, 78] and predictive of overall self-care. [77] As expected, the majority (60%) of patients in our cohort had HbSS, the most common type of SCD. [11] Our findings are consistent with other studies of SCD clinic populations in this regard. [44, 46, 79] When comparing our variables of interest in the whole sample by SCD type, HbSβ + and HbSC types were associated with higher BMIs compared with HbSS type. These results are consistent with Chawla et al. [46] , who also found that types HbSβ + and HbSC had higher BMIs as compared with HbSS and types HbSβ 0 genotypes. One possible explanation for these findings is that people with mild forms of SCD are more likely to be negatively impacted by the obesogenic environment (ie, abundant highly palatable and calorically dense foods and lack of opportunity for physical activity) than are those with more severe types of SCD. The rationale for this conjecture is that people with the more severe forms of SCD have larger amounts of sickled hemoglobin, which causes the body to replenish RBCs more frequently. To compensate for the increase in RBC turnover, the body increases metabolism. This higher metabolism has been documented in patients with sickle cell anemia. [52] Mild forms of SCD, however, do not have similarly high levels of sickled hemoglobin and therefore have lower metabolic utilization of consumed calories leading them to have BMIs approaching that of the general population. Another possible explanation lies in the changes in dietary patterns of people with SCD during a pain crisis. Pells et al. [54] found that 87% of their SCD clinic patients reported eating less during pain episodes. Given the frequency of pain episodes in people with HbSS, and the associated reductions in caloric consumption, it is plausible that over periods of many years and frequent pain episodes, this could lead lower BMI in this group. More research is needed to confirm this conjecture.
It is well known that pain is a substantial issue in this population; therefore, elevated pain levels were expected and found. Our sample reported moderate pain intensity in the sensory domain, mild-to-moderate pain intensity in the affective domain and moderately high present pain intensity levels. Sensory pain is thought to measure the physical sensation of pain, whereas affective pain is thought to measure the emotional reaction to pain. Reported pain did not differ by gender, BMI category, or SCD type in our sample. While not a novel finding, the overall presence of pain in our sample highlights the need to assess for and provide assistance with enhancing SCD patients' pain coping strategies that may help decrease the impact that pain has on functioning and overall quality of life in this population. [80] The finding that on average, in our study, patients were reporting impairments in over one-third of the total ADLs that were possible is noteworthy. This indicates that activities that are often taken for granted in the general population such as brushing one's teeth, bathing, being able to dress without assistance, shopping, and cooking to name a few, are at times extremely difficult for people with SCD. This can have a substantial and meaningful negative impact on overall quality of life. [81] Providing further context, Covinsky et al. [82] examined functional limitations and pain in the context of age. According to the authors, participants with pain had functional ability that was comparable with those who were 2 to 3 decades older when compared with those without any pain. If we were to extrapolate these findings to our sample, the average young adult with SCD would have functional ability comparable with that of a 50-60 year old.
The final goal of our study was to better understand the association of our variables of interest with ADLs. Specifically, predictive modeling was undertaken to determine if age; BMI; SCL-90-R depression, anxiety and GSI; SF-MPQ SP, AP, PPI, and SCD severity were predictive of impairment in each of physical and total ADLs. To summarize, AP was predictive of both total and physical ADLs in every model with higher AP consistently predicting greater impairment in ADLs. Furthermore, this finding was consistent across both the whole sample and the OW/OB subsample. Affective pain is thought to measure the emotional response to pain such as the feelings of fear and distress that pain will not go away in the future. It has been further suggested that AP can also be indicative of long-term effects of persistent pain also known as "suffering. " [83] Based on these factors taken together, 1 might consider that fear of future pain or severe chronic pain may lead to avoidance of ADLs in an attempt to forestall the feared triggering or intensification of pain. Further support for the notion of chronic pain negatively influencing ADLs has been demonstrated in other chronic diseases including cancer, [84] obesity, [73, 85] and fibromyalgia, [40] which may help to inform optimal strategies for targeting this important issue in the SCD population.
The apparently unique contribution of affective pain to ADLs in our SCD clinic population holds importance in informing treatment. It could be argued that rather than the often exclusive focus on pharmacological pain management, more programs should include interventions that target the affective component of pain (ie, multidisciplinary behavioral pain management programs). This may increase patients' ability to perform normal day-to-day activities and improve their overall quality of life.
It was surprising that BMI did not predict ADLs in any of our analyses, given the relationship of obesity to ADLs in the general population. [72, 73] These findings are suggestive of the fact that increased BMI may be a less salient issue in SCD in relation to overall functioning in comparison with other potential contributors, especially pain. It is possible that to the extent that pain influences ADL impairment in this population, it masks the influence of BMI seen in non-SCD populations. More research is needed to better understand these relationships in larger SCD cohorts.
It is notable that when age was added to AP in 3 out of the 4 predictive analyses (whole sample), it actually contributed in such a way that older age predicted less impairment. Although counterintuitive, the relatively small contribution to the total variance make this finding a curiosity, but perhaps not a substantial focus in interpreting our results.
Finally, to better understand the relationships among our variables of interest and ADLs in the context of overweight, we repeated our predictive models using only the subsample that was overweight or obese and found that these models were stronger in predicting the total and physical ADLs than the models constructed including the whole sample. Of particular interest, we found that SCD severity, in addition to AP and age, was predictive of total and physical ADLs. When considering total ADLs and physical ADLs, the findings of increased affective pain predicting increased impairment is consistent with previous analyses. Furthermore, the finding that more severe types of SCD predicted greater impairments in total and physical ADLs is consistent with expectations. People with types HbSS and HbSβ 0 thalassemia are known to have more severe complications associated with their disease such as higher incidences of acute chest syndrome and pain crises, which lead to greater risks for early death. [16] Our finding of more severe types having greater impairment in ADLs in an overweight/obese sample, therefore, supports the negative impact that more severe types of SCD may have on these patients. Thus, it is important to consider SCD type when monitoring and treating patients with SCD who are in the overweight or obese range. Future research is needed to determine the impact SCD severity may have in relation to quality of life and the risk for obesity-related comorbidities in the overweight and obese SCD population. www.progprevmed.com
There are several limitations to this study. As a cross-sectional design, the generalizability of our results is limited, and we cannot infer causality. In addition, based on the nature of the data collection (consecutive patients attending clinic visits), competing demands of the clinical appointment at times led to missing data, which restricted the sample sizes for specific analyses. There is no reason to believe these were systematic in nature. However, low sample sizes can negatively affect power and the ability to detect significant differences among groups. At times, due to overall prevalence in the available population and or missing data, small numbers of subjects in specific subgroups were used in comparisons. Nonetheless, at this stage, in our understanding of this understudied population, it is important to provide a preliminary examination of these albeit relatively small subsamples. Another limitation is that much of our pain and psychosocial data were obtained via self-report. Potential confounding variables not controlled for in our study include measures of the ability to cope, which may moderate the relationship of pain with ADL impairment. Also, a detailed accounting of other comorbid medical conditions in addition to SCD would assist us in determining their role relative to psychosocial factors, pain, BMI, and ADLs in SCD.
Our study has notable strengths. This is a novel and emerging field of inquiry. Thus, there is a paucity of research that considers obesity in the context of SCD. To our knowledge, this is the first study to look at age, BMI, pain, and psychosocial variables in the context of ADLs. In addition, pain, depression, anxiety, and GSI were assessed using validated questionnaires, and measured height and weight were used to calculate BMI. This study utilizes data from a large comprehensive assessment battery, which provides extensive information and allows us to examine a wide range of variables across several relevant domains of functioning. In addition, patients were assessed in a clinical SCD setting, which provides a valuable context that is readily generalizable to other clinical settings. Our relatively large sample (in the context of existing studies) represented all BMI categories, and both males and females were well represented.
Conclusions
In conclusion, these findings point to the relevance of monitoring lifestyle-related medical and psychosocial conditions in this population, so that treatments can target these issues appropriately in the context of comprehensive SCD care. To better understand the relationship of obesity and SCD, future studies are needed in the obese SCD population. In addition, more research is needed to further delineate the role affective pain plays in ADLs so that we may better inform and test novel treatment approaches that may provide optimal pain relief, improved functionality, and result in improved quality of life.
Given the prevalence of psychosocial correlates in the clinical range, health care providers need to be more aware of depression, anxiety, and generalized psychosocial distress in this population and would be well advised to monitor these over time. Future research needs to be directed toward better understanding the interrelationships between physical health, psychosocial distress, and overall quality of life. In addition, no clinical recommendations can be made regarding BMIs in the overweight and obese range based on our results. Future research is needed to better understand the potential positive and/or negative impact(s) that overweight and obesity may have in this population. Finally, given the consistent relationship of affective pain and activities of daily living, future interventions should specifically target the affective component of pain (ie, multidisciplinary behavioral pain management programs). This may increase patients' ability to perform normal day-to-day activities and improve this emotionally driven aspect of pain.
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